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(57) ABSTRACT 

A block map is associated With a multi-dimensionally clus 
tered (MDC) base table in a database to maintain a “free” or 
“in use” status for each of the contiguous blocks in the table. 
Additionally, information may be stored in the block map to 
indicate Whether, after loading data, a given block in the base 
table requires constraint checking operation or Whether, 
based on changes to the block, a materialized query table 
dependent upon the table requires a refresh operation. Each 
time data is loaded into the table, the associated block map 
is updated. When delayed constraint check or refresh opera 
tions are to be performed, the block map is consulted to learn 
Which blocks require the operations. After one of the con 
straint check or refresh operations is performed, the associ 
ated block map is again updated. The block map enables a 
method to efficiently identify data blocks in a base table, 
changes to Which trigger incremental constraint checking 
operations and incremental maintenance operations of 
dependent materialized query tables. 
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SYSTEM AND METHOD FOR IDENTIFYING AND 
MAINTAINING BASE TABLE DATA BLOCKS 
REQUIRING DEFERRED INCREMENTAL 

INTEGRITY MAINTENANCE 

PRIORITY CLAIM 

[0001] The present application claims the priority of Cana 
dian patent application, Serial No. 2,414,980, titled 
“Deferred Incremental Integrity Maintenance of Base Tables 
Having Contiguous Data Blocks,” Which Was ?led on Dec. 
23, 2002, and Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to database integrity 
maintenance and, in particular, to deferred incremental 
integrity maintenance of base tables Within a database that 
has contiguous data blocks. 

BACKGROUND OF THE INVENTION 

[0003] Adatabase management system (DBMS) is a com 
puter program that alloWs one or more computer users to 
create and access data in a database. A user accessing data 
in a database typically composes a request in the form of a 
“query”. The result of a query is often a “table”. The term 
“table” is used herein generically, and is not meant to 
distinguish the DBMS discussed herein from DBMSs that 
use similar terms, such as “?le” or “relation”. 

[0004] The DBMS manages user requests (and requests 
from programs) so that the users and the programs need not 
maintain information about Where the data is physically 
located on storage media and, in a multi-user system, other 
users also accessing the data. In handling user requests, the 
DBMS ensures the integrity of the data (i.e., ensuring that 
the data continues to be accessible and is consistently 
organiZed as intended) and the security of the data (i.e., 
ensuring that only those With access privileges can access 
the data). The most typical DBMS is a relational database 
management system (RDBMS). A standard user and pro 
gram interface is the Structured Query Language (SQL). 

[0005] Constraints (both referential integrity and check 
constraints) are conditions de?ned for a given table that 
must be true for all roWs of the table. The DBMS enforces 
a constraint by checking each roW to determine Whether the 
roW meets conditions speci?ed by a given constraint, reject 
ing any roWs that do not meet the conditions. This checking 
may be deferred until later, after appending data to a given 
table using a “load” operation (use of Which alloWs the 
addition of data to a table). When such constraint checking 
is deferred until later, the given table may be placed in 
“check pending” state. Once the checking is complete, 
violating roWs may be removed from the given table and the 
given table may be placed in “normal” state. 

[0006] AmaterialiZed query table (MQT) is a table de?ned 
as the result of a query, that result being automatically used 
to populate the MQT, Which can then be used to ef?ciently 
provide a pre-computed result, or a partially pre-computed 
result, for certain other queries submitted to the DBMS. An 
MQT that references a given base table in the query that 
de?nes the MQT (the de?ning query of the MQT) is said to 
be a “dependent” of the given base table. An MQT could 
reference one or more such base tables and Would be said to 
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be a dependent of each of the base tables. Additionally, a 
given base table could be referenced in more than one MOT 
and each of those MQTs Would be a dependent of that given 
base table. When neW data is added to a base table that has 
dependent MQTs, each of the MQTs should, in general, be 
updated (refreshed) to re?ect a neW result for the corre 
sponding de?ning query. 

[0007] Dependent MQTs may be refreshed immediately or 
the refresh may be deferred until later. When an MQT is 
de?ned as REFRESH IMMEDIATE, Whenever its content is 
available, it should be up to date. HoWever, after a load 
operation into the base table, the dependant MQTs are 
placed in “check pending” state and become unavailable. 
When an MQT is refreshed, i.e., all neW data in base tables 
for Which the MQT is a dependent is re?ected in the MQT, 
the MQT may be placed in “normal” state. When an MQT 
is de?ned as REFRESH DEFERRED, its content re?ects the 
result of the MQT de?nition query When the MQT Was last 
refreshed and hence its content may not alWays be up to date 
With respect to its base tables. 

[0008] NeW data can be added to base tables periodically, 
often through the use of a load utility. In some cases, old data 
is removed from base tables When the old data is no longer 
needed or is obsolete. When old data is removed from base 
tables, gaps may be left in the physical space used to store 
the data. Where the base table is not a multi-dimensionally 
clustered (MDC) table, i.e., a base table of contiguous 
blocks of equal-siZe pages, the gaps left in the physical space 
used to store the data are not easily usable by the load utility, 
because the load utility is typically optimiZed for speed by 
being con?gured to append neW data to the end of a base 
table. 

[0009] Since the neW data is added only at the end of the 
base table, the base table may be checked against constraints 
and dependant MQTs may be incrementally refreshed. Both 
operations, constraint checking the roWs of the base table 
and refreshing the dependant MQTs, are considered to be 
straightforWard in that the operations simply require a scan 
of the neW data in the base table to identify the changes to 
the base table. Such a scan starts at the previously recorded 
“high Water mark” of the base table and, thus, considers all 
of the neW data and none of the old data. 

[0010] An MDC table comprises contiguous blocks of 
equal-siZe pages. Each block of a given MDC table is the 
same siZe. The siZe of a block, in pages, is termed the block 
siZe. All roWs stored in a given block have the same number 
of speci?ed columns. This number of speci?ed columns for 
the roWs of a given block is termed the “dimension” value 
for the roWs. The DBMS manages the data in the database 
to maintain this trait of each block. That is, neW roWs may 
only be added to eXisting blocks Whose roWs have the same 
dimension values as the neW roWs. Additionally, empty 
blocks may be reused for neW roWs or neW blocks may be 
allocated at the end of the MDC table. The load utility 
program Will not use eXisting populated blocks for neW roWs 
but Will, instead, reuse empty blocks in the MDC table or 
eXtend the MDC table if no reusable blocks eXist. 

[0011] An MDC table is designed such that as old blocks 
of data are removed from the MDC table, the space the old 
data occupied is available for the later addition of neW data. 
Consequently, simply scanning the MDC table from a cer 
tain point onWard Will lead to the consideration of old data 
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as Well as neW data. This consideration of old data may lead 
to incorrect results When refreshing a dependant MQT (i.e., 
data may be counted tWice) and inefficiency When perform 
ing constraint checking on the roWs of the MDC table. Since 
the old data has already been checked and is knoWn to be 
correct, it is inefficient to check the old data again. 

[0012] Clearly, there is a need for an efficient method of 
performing incremental constraint checking on MDC tables 
that takes into account the nature of MDC tables Wherein 
neW data is interspersed With old data. Additionally, main 
tenance of MQTs dependant on MDC tables is not as 
straightforward as maintenance of MQTs dependant on 
non-MDC tables. Consequently, there is a need for a method 
of maintaining MQTs dependant on MDC tables that does 
not lead to incorrect results When refreshing the MQTs. The 
need for such a system has heretofore remained unsatis?ed. 

SUMMARY OF THE INVENTION 

[0013] The present invention satis?es this need, and pre 
sents a system, a computer program product, and an asso 
ciated method (collectively referred to herein as “the sys 
tem” or “the present system”) for identifying and 
maintaining base table data blocks requiring deferred incre 
mental integrity maintenance. 

[0014] An incremental maintenance operation processes 
only neW data during a maintenance operation, Where eXem 
plary maintenance operations comprise constraint checking 
operations and MQT refresh operations. To perform incre 
mental maintenance operations more efficiently, use is made 
of a block map. Ablock map, in this conteXt, is introduced 
as a structure associated With MDC tables for recording the 
status of each block of pages in the MDC table. 

[0015] The status of each block may be recorded as either 
“free”, i.e., empty and reusable for neW data, or “in use”, i.e., 
containing one or more roWs of data. In aspects of the 
present system, additional status information per block is 
stored in the block map. The additional status information 
may comprise: 1) Whether changes to the block require a 
constraint checking operation to be performed on the block; 
and 2) Whether changes to the block require a refresh 
operation to be performed on an MQT dependent upon the 
MDC table. These tWo items are recorded separately, in case 
the MDC table is checked for constraints and further neW 
data is added before the MQT refresh operation is per 
formed. 

[0016] In accordance With an aspect of the present system 
there is provided a method of ef?ciently identifying data 
blocks that require an incremental maintenance operation to 
be performed on a database, the database having at least one 
base table having a plurality of contiguous data blocks. The 
method comprises searching a block map associated With the 
base table to identify one or more marked data blocks, Where 
a marked data block indicates that the maintenance opera 
tion is required. Additionally, there is provided a computer 
readable medium for alloWing a general purpose computer 
to perform this method. 

[0017] In accordance With an aspect of the present system 
there is provided a method of using data blocks in a database 
including a base table having a plurality of contiguous data 
blocks. The method comprises associating a block map With 
the base table indicating, for each data block in the plurality 
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of contiguous data blocks, Whether a maintenance operation 
on the database is required. Additionally, there is provided a 
computer readable medium for alloWing a general purpose 
computer to perform this method. 

[0018] In accordance With an aspect of the present system 
there is provided a method of loading data into a table in a 
database management system, Where the table comprises a 
plurality of contiguous blocks. The method comprises asso 
ciating a block map With the table, Where a status of each of 
the plurality of contiguous blocks is recorded in the block 
map; loading data into the table; and modifying the block 
map to re?ect a change in status of some of the plurality of 
contiguous blocks due to the loading the data into the table. 
Additionally, there is provided a computer readable medium 
for alloWing a general purpose computer to perform this 
method. 

[0019] In accordance With an aspect of the present system 
there is provided a database system. The data base system 
comprises a memory adapted to store: a database including 
a base table having a plurality of contiguous data blocks; and 
a block map, associated With the base table, adapted to 
indicate, for each data block in the plurality of contiguous 
data blocks, Whether a maintenance operation on the data 
base is required. 

[0020] In accordance With another aspect of the present 
system there is provided a data processing system for 
efficiently identifying data blocks that require an incremen 
tal maintenance operation to be performed on a database, the 
database having at least one base table having a plurality of 
contiguous data blocks. This data processing system 
includes means for searching a block map associated With 
the base table to identify one or more marked data blocks, 
Where a marked data block indicates that the maintenance 
operation is required. 

[0021] In accordance With yet another aspect of the 
present system there is provided a data processing system 
for performing an incremental maintenance operation on a 
database, the database having at least one base table having 
a plurality of contiguous data blocks. This data processing 
system includes means for efficiently identifying data blocks 
that require an incremental maintenance operation to be 
performed on the database, the database having at least one 
base table having a plurality of contiguous data blocks. In 
addition, the data processing system includes means for 
searching a block map associated With the base table to 
identify one or more marked data blocks, Where a marked 
data block indicates that the maintenance operation is 
required, and means for performing the incremental main 
tenance operation on the database. 

[0022] In accordance With yet another aspect of the 
present system there is provided a data processing system of 
using data blocks in a database including a base table having 
a plurality of contiguous data blocks, including means for 
associating a block map With the base table indicating, for 
each data block in the plurality of contiguous data blocks, 
Whether a maintenance operation on the database is required. 

[0023] In accordance With yet another aspect of the 
present system there is provided a data processing system of 
loading data into a table in a database management system, 
Where the table comprises a plurality of contiguous blocks, 
the data processing system including: means for associating 
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a block map With the table, Where a status of each of the 
plurality of contiguous blocks is recorded in the block map, 
means for loading data into the table, and means for modi 
fying the block map to re?ect a change in status of some of 
the plurality of contiguous blocks due to the loading the data 
into the table. 

[0024] In accordance With yet another aspect of the 
present system there is provided a computer readable 
medium containing computer-executable instructions for 
con?guring the data processing system as described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The various features of the present invention and 
the manner of attaining them Will be described in greater 
detail With reference to the folloWing description, claims, 
and draWings, Wherein reference numerals are reused, Where 
appropriate, to indicate a correspondence betWeen the ref 
erenced items, and Wherein: 

[0026] FIG. 1 is a process How chart illustrating a Load, 
Constraint Checking, and MaterialiZed Query Table main 
tenance method employing according to the present inven 
tion; 
[0027] FIG. 2 is a process How chart illustrating a table 
loading method used in the Load, Constraint Checking, and 
MaterialiZed Query Table maintenance method of FIG. 1, 
according to an embodiment of the present invention; 

[0028] FIG. 3 is a process How chart illustrating a block 
identi?cation management method used in the table loading 
method of FIG. 2, according to an embodiment of the 
present invention; 

[0029] FIG. 4 is a process How chart illustrating a block 
map modi?cation method used in the block identi?cation 
management method of FIG. 3, according to an embodiment 
of the present invention; 

[0030] FIG. 5 is a process How chart illustrating a con 
straint checking method used in the Load, Constraint Check 
ing, and MaterialiZed Query Table maintenance method of 
FIG. 1, according to an embodiment of the present inven 
tion; 
[0031] FIG. 6 is a process How chart illustrating a full 
constraint checking method used in the constraint checking 
method of FIG. 5, according to an embodiment of the 
present invention; 

[0032] FIG. 7 is a process How chart illustrating an 
incremental constraint checking method used in the con 
straint checking method of FIG. 5, according to an embodi 
ment of the present invention; 

[0033] FIG. 8 is a process How chart illustrating a block 
identi?cation copying method used in the incremental con 
straint checking method of FIG. 7, according to an embodi 
ment of the present invention; 

[0034] FIG. 9 is a process How chart illustrating a Mate 
rialiZed Query Table refreshing method used in the Load, 
Constraint Checking, and MaterialiZed Query Table main 
tenance method of FIG. 1, according to an embodiment of 
the present invention; 

[0035] FIG. 10 is a process How chart illustrating a 
method for obtaining delta roWs used in the MaterialiZed 
Query Table refreshing method of FIG. 9; and 
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[0036] FIG. 11 is a schematic illustration of an exemplary 
operating environment in Which a deferred incremental 
integrity maintenance of base tables having contiguous data 
blocks system of the present invention can be used. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0037] An MDC table comprises contiguous blocks of 
equal-size pages. Each block of a given MDC table is the 
same siZe. The siZe of a block, in pages, is termed the block 
siZe. All roWs stored in a given block have the same number 
of speci?ed columns. This number of speci?ed columns for 
the roWs of a given block is termed the “dimension” value 
for the roWs. 

[0038] The DBMS manages the data in the database to 
maintain this trait of each block. That is, neW roWs may only 
be added to existing blocks Whose roWs have the same 
dimension values as the neW roWs. Additionally, empty 
blocks may be reused for neW roWs or neW blocks may be 
allocated at the end of the MDC table. The load utility 
program Will not use existing populated blocks for neW roWs 
but Will, instead, reuse empty blocks in the MDC table or 
extend the MDC table if no reusable blocks exist. 

[0039] A database system 1100, capable of running a 
database management system according to methods exem 
plary of the present invention, is illustrated in FIG. 11. The 
database system 1100 comprises a display monitor 1102 and 
a central processing unit 1104. The central processing unit 
1104 may comprise hardWare to netWork With other com 
puters, long term and short term memory and a processor. As 
is typical, connected to the central processing unit 1104 may 
be multiple input peripherals such as a keyboard 1108 and a 
mouse 1110. 

[0040] The database system 1100 comprises a softWare 
programming code or computer program product that may 
be loaded With a database management system for executing 
methods exemplary of this invention from a softWare 
medium 1106 Which could be a disk, a tape, a chip or a 
random access memory containing a ?le doWnloaded from 
a remote source. Alternatively, the database system 1100 can 
be saved on a suitable storage medium such as a diskette, a 
CD, a hard drive, or like devices. 

[0041] Brie?y, a block map is used to process only neW 
data during constraint checking and MQT refresh opera 
tions. A block map is de?ned herein as a structure that is 
associated With MDC tables for recording the status of each 
block of pages in the MDC table. The status of each block 
may be recorded as either “free”, i.e., empty and reusable for 
neW data, or “in use”, i.e., containing one or more roWs of 
data. In aspects of the present invention, additional status 
information per block may be stored in the block map. The 
additional status information may comprise 1) Whether the 
block requires constraint checking (labeled “C” for check) 
and 2) Whether the block requires MQT maintenance 
(labeled “R” for refresh). These tWo items may be recorded 
separately, in case the MDC table is checked for constraints 
and further neW data is added before an MQT refresh is 
done. Thus, some blocks may have both R and C ?ags set 
and some blocks may have just the R ?ag set, since the latter 
blocks have had constraints checked, but have not yet been 
processed for an MQT refresh. 
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[0042] Each block in a MDC table is identi?ed by a 
number called the “block ID” or “BID”. The BIDs are 
sequential, starting from Zero. MDC tables are extended 
When necessary (i.e., When there are no reusable, empty 
blocks in the MDC table) by adding a neW block to the end 
of the MDC table. A neW block is given the next sequential 
BID, one higher in number than the previously highest BID 
in the MDC table. 

[0043] For each MDC table, a StartBID and a LastLoad 
BID is recorded. The StartBID is the BID of the ?rst block 
reused in any previous load operation, i.e., a load operation 
that has occurred since the MDC table was most recently in 
“normal” state. Thus, the StartBID is the loWest value BID 
of the blocks used in load operations since the MDC table 
was most recently in “normal” state. The StartBID is Zero for 
a MDC table in “normal” state. The LastLoadBID is the last 
BID (highest value BID) used in the most recent load 
operation. The LastLoadBID is normally Zero for a MDC 
table in “normal” state full access mode. 

[0044] For each MQT, a list of StartBIDs is recorded, With 
one StartBID recorded for each partition of each MDC table 
of Which an MQT is a dependent. 

[0045] In the descriptions of a method for loading neW 
data into an existing MDC table, a method for checking 
constraints of an existing MDC table and a method for 
refreshing an MQT, Which folloW, the folloWing notation is 
used: 

[0046] UT—an exarnple MDC table that has depen 
dent MQTs and constraints; 

[0047] MQT—exarnple MQT that is a dependent of 
MDC table UT; 

[0048] UT.StartBID—the StartBID stored for MDC 
table UT; 

[0049] UT.LastLoadBID—the LastLoadBID stored 
for MDC table UT; and 

[0050] MQT.UT.StartBID—the StartBID recorded 
for the MQT regarding the MDC table UT. 

[0051] If there is more than one MQT dependent on the 
example MDC table UT, each MQT Will have a distinct 
StartBID recorded for UT because some of the dependent 
MQTs may have been refreshed (and, hence, had their 
StartBID reset to Zero), While others may still be aWaiting a 
refresh operation. If a given MQT is dependent on more than 
one MDC table, the StartBID for each MDC table is 
recorded separately in a list associated With the given MQT. 

[0052] A method for loading neW data into existing MDC 
table UT While deferring constraint checking and MQT 
refresh begins With a search for a free block in the block 
rnap. Such a search requires a preliminary determination of 
the value of UT.LastLoadBID. If UT.LastLoadBID is not 
Zero, the block map of UT is searched starting at the block 
With a BID of UT.LastLoadBID+1. If UT.LastLoadBID is 
Zero, the block map of UT is searched starting at the 
beginning. It is assumed that the searching leads to the 
identi?cation of a ?rst free block. Once the free block is 
identi?ed, the value of UT.StartBID is considered. If 
UT.StartBID is Zero, then UT.StartBID is set to the BID of 
the ?rst free block identi?ed in the search. OtherWise, 
UT.StartBID is left unchanged because another load opera 
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tion has previously occurred that set the value of UT.Start 
BID to the BID of the ?rst free block determined for that 
load operation. It Will be appreciated that, after a constraint 
check, the StartBID of the current load operation can never 
be loWer that the StartBID for an earlier load operation until 
the StartBID for UT is reset. This is for the reason that the 
?rst free block existing for the current load operation cannot 
be loWer than the ?rst free block existing for the earlier load 
operation. The free blocks identi?ed in the search are then 
used to store the neW data. The block rnap entry for each 
block used for storage of the neW data is set to U (in use), 
C (needs constraint checking) and R (needs MQT refresh). 
Finally, UT.LastLoadBID is set to the highest BID used to 
store the neW data and UT may be placed in “check pending” 
state. 

[0053] A method for checking constraints of MDC table 
UT begins With the block map of UT being scanned, starting 
With the entry having a BID equal to UT.StartBID. There is 
no need to scan blocks With BIDs less than UT.StartBID, 
because those blocks have not been altered since the last 
constraint check. The goal of the scanning is to locate those 
entries rnarked C. Each block corresponding to an entry 
rnarked C is scanned and each roW in the block is checked 
for violations of the constraints of UT. Violations are 
handled in the normal Way, Which is to say that violating 
roWs either cause an error to be returned or are deleted and 

inserted into an exception table. If there are MQTs depen 
dent on UT, each dependent MQT may be placed in “check 
pending” state and UT may be placed in “no data move 
ment” state. These states are explained in detail hereinafter. 
After constraint checking, UT.StartBID is reset to Zero and 
the C marks on all blocks for the table can be reset. 

[0054] A method for refreshing an MQT begins With a 
scan of the block map of UT, starting With the entry having 
a BID equal to MQT.UT.StartBID. (MQT.UT.StartBID may 
be different from UT.StartBID because the latter is reset 
after the constraint check, Whereas MQT.UT.StartBID is 
only reset When the MQT is refreshed.) The goal of the scan 
is to locate those entries rnarked R. An incrernental main 
tenance operation is performed on the MQT With data from 
the roWs in each of the blocks corresponding to entries 
rnarked R. The MQT.UT.StartBID is set to Zero and the 
MQT may be placed in “normal” state. If no more MQTs 
dependant on UT remain to be refreshed, UT may be placed 
in “normal” state and the R marks in all entries of the block 
map for UT may be turned off and UT.LastLoadBID may be 
reset. OtherWise, the R marks and UT.LastLoadBID Will be 
preserved until the last such dependant MQT is refreshed. 

[0055] Although described above in relation to a one-to 
one relationship betWeen UT and MQT, these methods may 
handle rnany-to-rnany UT-MQT relationships. Each refresh 
of dependent MQTs may be performed independently. Also, 
the paragraphs above describe a single partition to each base 
table, Whereas the methods also handle multiple partitioning 
for base tables, as described in the ?oWchart descriptions 
beloW. 

[0056] The R markers of UT may be shared, or reused, by 
the refresh of all dependent MQTs. The prevention of 
loading into free blocks before the LastLoadBID prevents a 
load operation from loading into free blocks having a 
numerical position before the LastLoadBID. The use of 
LastLoadBID guarantees that the refresh of dependent 
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MQTs starting from MQT.UT.StartBID Will pick up only 
blocks that have stored neW data. 

[0057] In the ?oWcharts of FIGS. 1-10, the following 
de?nitions and explanations provide background informa 
tion pertaining to the technical ?eld of the present invention, 
and are intended to facilitate the understanding of the 
present invention Without limiting its scope: 

[0058] MDC table: A rnulti-dirnensionally clustered table 
(of contiguous blocks of equal-siZe pages). 

[0059] BID: Aunique ID identifying a block in a partition 
of a MDC table. 

[0060] Load append: Existing blocks are retained and neW 
blocks are appended to the MDC table. 

[0061] Load replace: Existing blocks in the MDC table are 
removed and replaced by neW blocks. 

[0062] “Check pending” state: A generic state for Which 
access to an MDC table is restricted. 

[0063] “Check pending read access” state: A state for 
Which read access to an MDC table is alloWed, but Write 
access to the MDC table is not alloWed. More speci?cally, 
read access is alloWed for those blocks that have not been 
altered by a load operation and not alloWed for those blocks 
that have been altered by the load operation. 

[0064] “Check pending no access” state: Astate for Which 
neither read nor Write access to an MDC table is alloWed. 

[0065] “Full access” state: Astate for Which read and Write 
access to an MDC table is alloWed. 

[0066] “No data rnovernent” state: A state for Which read 
access to an MDC table is alloWed. Write access to an MDC 
table is alloWed as long as the BIDs in the MDC table are not 
affected and no access to the rnaterialiZed query tables is 
required. 
[0067] Check pending period: An MDC table enters the 
“check pending” state as a result of a load operation. A“SET 
INTEGRITY” statement is used to bring the MDC table to 
the “check pending” state. The period from When the MDC 
table enters the “check pending” state to When the MDC 
table is taken out of such a state is referred to as a check 
pending period. 
[0068] Full constraint checking: All roWs in all blocks in 
an MDC table are checked for constraint violations. 

[0069] Incrernental constraint checking: Only roWs in 
blocks neWly appended to an MDC table during the current 
check pending period are checked for constraint violations. 

[0070] Full refresh: A rnaterialiZed query table (MQT) is 
fully refreshed by re-cornputing the rnaterialiZed query table 
de?nition. 

[0071] Incrernental refresh: A rnaterialiZed query table is 
incrernentally refreshed by only using the roWs in blocks 
that are “load appended” to the base tables since the last time 
the rnaterialiZed query table Was refreshed. 

[0072] T: An MDC base table T. Where rnultiple base 
tables may be involved, the ith base table is labeled Ti. The 
term “base table” is used to distinguish a table on Which an 
MQT depends frorn rnaterialiZed query tables. 

[0073] Ti.partitionk: kth partition of MDC base table Ti. 
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[0074] Ti.partitionk.startBID: BID of the ?rst (i.e., lowest 
number) block loaded in the ?rst load append operation 
performed on the kth partition of MDC base table Ti in the 
current check pending period. 

[0075] T.partitionk.lastLoadBID: The highest BID of any 
block in the kth partition of MDC base table T that has been 
loaded With neW data. 

[0076] Ti.partitionk.loadOpr: The most expensive load 
operation on partition k of MDC base table Ti during the 
check pending period. 

[0077] Ti.blockrnapk: Each partition of MDC base table Ti 
has a blockrnap, Which is the structure that MDC tables have 
for recording the status of each block of pages in the MDC 
table. Ti.blockrnapk is the blockrnap corresponding to 
Ti.partitionk. 
[0078] Ti.blockrnapk[h]: The blockrnap entry representing 
the hth block in Ti.partitionk. 

[0079] Ti.blockrnapk[h].Used: The status ?ag for 
Ti.blockrnapk[h]. The status ?ag has value TRUE if block h 
is used and has value FALSE otherWise. 

[0080] Ti.blockrnapk[h].Constraint: The constraint ?ag 
for Ti.blockrnapk[h]. The constraint ?ag has value TRUE if 
block h is to be checked for constraint violations and has 
value FALSE otherWise. 

[0081] Ti.blockrnapk[h].Refresh: The refresh ?ag for 
Ti.blockrnapk[h]. The refresh ?ag has value TRUE if block 
h is to be used for refresh processing of dependent rnateri 
aliZed query tables and has value FALSE otherWise. 

[0082] Ti.BID_dep_count: The number of MQTs that 
remain to be incrernentally refreshed using the BIDs of this 
MDC base table. This number is used to determine Whether 
an MDC base table goes into “full access” or “no data 
rnovernent” state after this MDC base table is brought out of 
the “check pending” state. When this number drops to Zero, 
the MDC base table can go into normal state “full access” 
mode. 

[0083] MQT: MaterialiZed Query Table (where multiple 
MQTs may be involved, the jth MQT is labeled MQTj). 

[0084] MQT.force_full: If TRUE, then the rnaterialiZed 
query table cannot be incrernentally refreshed but, rather, 
requires a full refresh. A rnaterialiZed query table Will 
require full refresh if any of the MDC base tables of the 
rnaterialiZed query table has had a load replace operation 
perforrned. 

[0085] MQT_PD: The packed descriptor for a material 
iZed query table. A packed descriptor is used to store the 
starting BIDs of the MDC base tables, Where the starting 
BIDs are subsequently used for incrernental refresh of the 
rnaterialiZed query table. Where rnultiple MQTs may be 
involved, the packed descriptor for the jth rnaterialiZed 
query table is labeled MQT PDj. 

[0086] MQT_PD.Ti.partitionk.startBID: The StartBID in 
the kth partition of the ith MDC base table on Which the 
MQT depends for an incremental refresh. 

[0087] FIG. 1 is a high level overvieW of an incremental 
database rnaintenance method in Which aspects of the 
present invention may be employed. Initially, data may be 
loaded into a number of MDC base tables, Ti, for i taking the 
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values from 1 to n inclusive (step 102), Where n is the 
number of MDC base tables. Step 102 is expanded upon in 
FIG. 2. 

[0088] The user could then perform a further load opera 
tion if required (step 104), in Which case the load operation 
of step 102 is repeated. If there are no more load operations 
to be performed, the loaded MDC base tables may be 
checked for constraint violations (step 108) or a refresh of 
materialiZed query tables that are dependent on the loaded 
MDC base tables may be performed (step 112). If it is 
determined (step 106) that a check for constraint violations 
is necessary, each of the MDC base tables is checked for 
constraint violations (step 108). Step 108 is further illus 
trated in more detail in FIG. 5. 

[0089] Once the MDC base tables have been checked for 
constraint violations or if it is determined (step 106) that a 
check for constraint violations is not necessary, it is deter 
mined Whether a refresh of a materialiZed query table is 
necessary (step 110). If it is determined that a refresh of m 
materialiZed query tables is necessary, the quantity, m, of 
materialiZed query tables are refreshed (step 112). Step 112 
is expanded upon in FIG. 9. Once the refresh of the 
materialiZed query tables is complete, the load operation of 
step 102 may be repeated. If it is determined that no 
materialiZed query tables need to be refreshed, the load 
operation of step 102 may be repeated. Loading data into an 
MDC base table, constraint checking and materialiZed query 
tables refreshing can be performed independently of each 
other and in any order. 

[0090] FIG. 2 expands upon step 102 of FIG. 1 to 
illustrate that loading into an MDC base table Ti may be 
translated into loading to the individual partitions on Which 
Ti is de?ned. The loaded MDC base table is either placed in 
“check pending read access” state or placed in “check 
pending no access” state, depending on the type of the load. 
The type of load is the ?rst determination (step 202). 

[0091] Where the load operation is a “load append” opera 
tion, the MDC base table, Ti, may be placed in “check 
pending read access” state (step 204). Where the load 
operation is other than a load append operation, the MDC 
base table, Ti, may be placed in “check pending no access” 
state (step 206). After placing the MDC base table in the 
appropriate state (steps 204, 206), partitions of the MDC 
base table may be loaded in parallel. In particular, the ?rst 
partition of the MDC base table may be loaded (step 208) 
While the last (pth) partition is loaded (step 212) and 
intermediate (kth) partitions are loaded (step 210). Step 210 
is expanded upon in FIG. 3. The load operation is then 
considered complete and the program control may be 
returned to the materialiZed query table maintenance method 
of FIG. 1. 

[0092] FIG. 3 illustrates, in conjunction With FIG. 4, step 
210 of a BID management method for use When loading into 
a particular partition, the kth partition, of Ti. Note that the 
method described for loading the kth partition is equally 
valid for the ?rst and last (pth) partitions. Upon completion 
of step 210, the value of Ti.partitionk.loadOpr is set to the 
most computationally expensive load operation that 
occurred on the kth partition of the MDC base table since the 
last time the constraints Were checked on the MDC base 
table. The BID management method of FIG. 3 thus relies on 
a predetermined relationship betWeen load operations. In 
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particular, a “load replace” operation is considered more 
expensive than “load append” operation Which, in turn, is 
considered more expensive than a “load none” operation. 

[0093] It is initially determined Whether a load append 
operation is to be performed on the MDC base table of 
interest (step 302). If a load append operation is not to be 
performed on the MDC base table of interest, the value of 
Ti.partitionk.loadOpr is set to load_replace (step 304) and a 
load replace operation is performed in a traditional manner 
(step 312). As the present application is concerned With the 
load append operation, details of the load replace operation 
are not presented. Subsequent to the load replace operation, 
program control may return to the MDC base table loading 
method of FIG. 2. 

[0094] If a load append operation has been performed on 
the MDC base table of interest, it is determined Whether the 
value of Ti.partitionk.loadOpr is load_none (step 306) 
meaning that the partition has not been loaded in this check 
pending period. If the value of Ti.partitionk.loadOpr is 
load_none, the value of Ti.partitionk.loadOpr is set to 
load_append (step 308). The load operation is performed 
and the blockmap of the MDC base table is modi?ed (step 
310) to re?ect the load operation. 

[0095] The load operation and blockmap modi?cation step 
(step 310) is expanded upon in FIG. 4. Once the load 
operation and blockmap modi?cation step is complete, 
program control may be returned to the MDC base table 
loading method of FIG. 2. If the value of Ti.partitionk.loa 
dOpr is not load_none, the step Wherein the value of 
Ti.partitionk.loadOpr is set to load_append (step 308) is 
bypassed and the load operation and blockmap modi?cation 
step (step 310) is performed. 

[0096] The data loading and blockmap modi?cation 
method 310 is illustrated in FIG. 4. For each partition k, the 
blockmap is scanned to ?nd the ?rst free block Whose BID 
is greater than Ti.partitionk.lastLoadBID. Data is then 
loaded into that ?rst free block and those free blocks after 
that ?rst free block. The blockmap modi?cation method 310 
begins With a determination of Whether Ti.partitionk.last 
LoadBID is equal to Zero (step 402). If Ti.partitionk.last 
LoadBID is not equal to Zero, a counter, q, is set to 
Ti.partitionk.lastLoadBID+1 (step 404). If Ti.partitionk.last 
LoadBID is equal to Zero, q is set to the BID of the ?rst block 
in the blockmap (step 406). The ?rst free block found is then 
identi?ed as folloWs. It is determined Whether the value of 
Ti.blockmapk[q].Used is FALSE (step 408). If the value of 
Ti.blockmapk[q].Used is TRUE, q is incremented by one 
(step 410) and step 408 is repeated. If the value of Ti.block 
mapk[q].Used is FALSE, the associated block is considered 
to be the ?rst free block. Ti.partitionk.startBID is then set to 
the BID of the ?rst free block found in the current check 
pending period. 

[0097] Before setting the value of Ti.partitionk.startBID, it 
is ?rst determined Whether Ti.partitionk.startBID is equal to 
Zero (step 412). If Ti.partitionk.startBID is equal to Zero 
(i.e., the present load is the ?rst load since the MDC base 
table Was in “normal” state), then Ti.partitionk.startBID is 
set to the value of q (step 414). If Ti.partitionk.startBID is 
not equal to Zero, then at least one load has been performed 
since the MDC base table Was in “normal” state and, 
associated With the ?rst of the at least one load, Ti.parti 
tionk.startBID has been set already. 
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[0098] Subsequently, and Without regard for Whether 
Ti.partitionk.startBID is equal to Zero, data is loaded into the 
block With a BID equal to q (step 416). For each loaded 
block, the corresponding blockmap entry Will be marked so 
that Ti.blockmapk[q].Used=TRUE, Ti.blockmapk[q].Con 
straint TRUE and Ti.blockmapk[q].Refresh=TRUE. The 
loading continues until the end of the data is reached or the 
block is full. When the loading is complete, it is determined 
Whether there is more data to load (step 418). If there is more 
data to load, q is incremented by one (step 410) so that the 
block With the next BID in sequence may be considered for 
loading. If there is no more data to load, Ti.partitionk.last 
LoadBID is set to the current value of q (step 420), i.e., 
Ti.partitionk.lastLoadBID is updated to re?ect the value of 
the highest BID used to store neWly loaded data. The 
blockmap modi?cation method 310 is then complete so that 
program control may return to the BID management method 
of FIG. 3. 

[0099] The step of performing constraint checking on 
MDC base table Ti (step 108 of FIG. 1) is presented in 
greater detail in FIG. 5. It is ?rst determined Whether Ti has 
been loaded (step 502). If Ti has been loaded, the MQTs that 
are dependant on Ti are placed in “check pending no access” 
state (step 504), as the MQTs are, due to the load, out of sync 
With Ti. It is then determined Whether the load operation 
performed on Ti Was a load replace operation (step 506). If 
Ti has had a load replace operation performed, then a full 
constraint check is performed on MDC base table TI (step 
508). The full constraint check of step 508 is expanded upon 
in FIG. 6. If the load operation performed on Ti Was not a 
load replace operation, then it is assumed that the load 
operation Was a load append operation. If a load append 
operation has been performed on Ti, an incremental con 
straint check may be performed on MDC base table Ti (step 
510). The incremental constraint check of step 510 is 
expanded upon in FIG. 7. 

[0100] Once constraints are checked on Ti, or if it is 
determined, in step 502, that Ti has not been loaded, the 
Ti.BID_dep_count is examined (step 512) to determine the 
number of MQTs that need to be refreshed. Where Ti.BID 
_dep_count is Zero, MDC base table Ti may be placed in 
normal “normal full access” state (step 514), and Ti.parti 
tionk.lastLoadBID is reset to Zero so that the next load 
operation on the table can start ?nding an empty block from 
the start of the blockmap. Where Ti.BID_dep_count is 
greater than Zero, Ti may be placed in “normal no data 
movement” state (step 516). In either case, Ti.partitionk.loa 
dOpr and Ti.partitionk.startBID are reset (step 518) to 
prepare for the next load into Ti. Additionally, Ti.blockmapk 
[h].Constraint is set to FALSE for all checked blocks. The 
constraint check is then complete and the program control 
may be returned to the materialiZed query table maintenance 
method of FIG. 1. 

[0101] FIG. 6 illustrates the full constraint checking step 
of FIG. 5 (step 508). Once a full constraint check has been 
performed on Ti, all of the MQTs dependant on Ti should be 
forced to be fully refreshed. To enforce this refresh, MQTj 
.force_full is set to TRUE for each dependant MQTj of Ti 
(step 602). Ti.BID_dep_count is reset to Zero (step 604). 
Ti.BID_dep_count re?ects the number of MQTs that remain 
to be incrementally refreshed and previous steps have estab 
lished that the MQTs are to be forced to have a full refresh 
rather than an incremental refresh. Consequently, Ti.BID 
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_dep_count is reset to Zero (step 604) because there are no 
MQTs that are to be incrementally refreshed. Finally, the 
entire MDC base table is checked for constraint violations 
and program control is returned to the constraint checking 
method of FIG. 5. 

[0102] FIG. 7 illustrates the incremental constraint check 
ing step of FIG. 5 (step 510). In this step, only the blocks 
betWeen the Ti.partitionk.startBID and the Ti.partitionk.last 
LoadBID of each partition are scanned and, if ?agged as 
requiring a constraint check, checked for constraints. Ini 
tially, the starting BID information (Ti.partitionk.startBID) 
of Ti is copied to all of the MQTs that depend on Ti (step 
702), so that the dependant MQTs can later be refreshed With 
respect to the load appended data in Ti. Step 702 is expanded 
upon in FIG. 8. For each partition, k, of Ti, Ti.blockmapk is 
scanned starting With the block having a BID equal to the 
value held by Ti.partitionk.startBID. 

[0103] To this end, a counter, g, is set to Ti.partitionk.start 
BID (step 704). That is, the search for blocks on Which to 
perform constraint checking begins at the block Where the 
earliest load of the current check pending period began. The 
search continues only until the end of the blocks affected by 
the load(s). To this end, it is determined Whether g is greater 
than Ti.partitionk.lastLoadBID (step 706). If g has surpassed 
Ti.partitionk.lastLoadBID, the incremental constraint 
checking is complete and program control is returned to the 
constraint checking method of FIG. 5. 

[0104] For a g less than or equal to Ti.partitionk.lastLoad 
BID, it is determined Whether Ti.blockmapk[g].Constraint is 
equal to TRUE (step 708). If Ti.blockmapk[g].Constraint is 
not equal to TRUE, g is incremented by one (step 710) and 
the comparison of g With Ti.partitionk.lastLoadBID (step 
706) is repeated for the neW value of g. If Ti.blockmapk[g] 
.Constraint is equal to TRUE, the data in the block With a 
BID equal to g is checked for constraint violations (step 
712). Each roW in the block is checked for constraint 
violations, Which are handled the normal Way, e.g., an error 
is returned upon the ?rst constraint violation found, or the 
constraint violating roWs are moved to an exception table. 
Once the constraint checking of the block is complete, g is 
incremented by one (step 710) and the comparison of g With 
Ti.partitionk.lastLoadBID (step 706) is repeated for the neW 
value of g. 

[0105] FIG. 8 illustrates, in greater detail, step 702 of 
FIG. 7 for copying BID information from Ti to the 
MQT_PD of each of the j MQTs that are dependant on Ti. 
Initially, it is determined Whether a particular MOT, MQTj, 
has been loaded or forced to be fully refreshed (step 802). If 
MQTj has been loaded or forced to be fully refreshed, then 
MQTj can not be incrementally refreshed and there is no 
need to copy the starting BIDs info to such an MOT. In such 
a case, program control is returned to the incremental 
constraint checking method of FIG. 7. OtherWise, it is 
determined Whether there is an entry for Ti in the packed 
descriptor for MQTj, MQT_PDj (step 804). The existence of 
such an entry indicates that MQTj already depends on a prior 
load append operation performed on Ti. If such an entry does 
not exist, then Ti.BID_dep_count is incremented (step 806), 
since MQTj noW depends on Ti. If such an entry does exist, 
then step 806 is bypassed. Copying then progresses on a 
partition-by-partition basis. 
[0106] The partition number, k, is initialiZed to 1 (step 
808). As the partition number is incremented, the partition 
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number is compared to the total number of partitions (step 
810). If the partition number exceeds the total number of 
partitions, the BID information copying method is complete 
and program control is returned to the incremental constraint 
checking method of FIG. 7. 

[0107] As long as the partition number does not exceed the 
number of partitions, it is determined Whether the StartBID 
of the present partition, MQT_PDj.Ti.partitionk.startBID, 
has a value other than Zero (step 812). Note that non-Zero 
starting BIDs are not overWritten. This avoidance of over 
Writing alloWs multiple load append operations and con 
straint checking operations on the MDC base tables before 
the materialiZed query tables are incrementally refreshed. If 
MQT_PDj.Ti.partitionk.startBID is Zero, the value of Ti.par 
titionk.startBID is copied to MQT_PDj.Ti.partitionk.start 
BID (step 814) and the partition number is incremented (step 
816). OtherWise, the copying step (step 814) is bypassed and 
the partition number is incremented (step 816). 

[0108] FIG. 9 expands upon step 112 of FIG. 1 to 
illustrate a refresh of a dependent MQT of Ti. Initially, it is 
determined Whether a particular MQT, MQTj, is loaded or is 
forced to be fully refreshed (step 902). If MQTj is loaded or 
is forced to be fully refreshed, then a full refresh of MQTj 
is performed by re-computing the query de?nition of MQTj 
(step 904). MQTj is then reset (step 916) as described 
hereinafter. If MQTj can be incrementally refreshed, i.e., it 
is determined in step 902 that MQTj is not loaded or forced 
to be fully refreshed, a base table counter, i, is initialiZed to 
1 (step 906). As the base table counter Will be incremented, 
the value of the base table counter is compared to the total 
number of MDC base tables upon Which MQTj is dependent 
(step 908). 
[0109] If it is determined that the base table counter does 
not exceed the number of MDC base tables of MQTj, it is 
then determined Whether an entry for Ti exists in MQT_PDj 
(step 918). If it is determined that an entry for Ti exists in 
MQT_PDj, Ti.BID_dep_count is reduced by one (step 920), 
because MQTj is no longer dependent on these MDC base 
tables once MQTj has been refreshed. The base table counter 
is then incremented (step 922). Where it is determined in 
step 918 that an entry for Ti does not exist in MQT_PDj, the 
Ti.BID_dep_count reduction step (step 920) is bypassed. 

[0110] Once the base table counter exceeds the number of 
MDC base tables in MQTj, as determined in step 908 (i.e., 
the BID_dep_counts of all base tables on Which MQTj is 
BID-dependent have been decremented), delta roWs (i.e., 
roWs that have changed) are identi?ed for each partition of 
each MDC base table through use of MQT_PDj.Ti.parti 
tionk.startBID (step 910). Step 910 is expanded upon in 
FIG. 10. As Will be apparent to a person skilled in the art, 
the delta roWs Will comprise every roW in the blocks that 
have been loaded. MQTj is then incrementally refreshed 
With respect to the delta roWs obtained in step 910 (step 
912). FolloWing the refresh, the MDC base tables are reset 
(step 914). 
[0111] In particular, the state of those MDC base tables 
Whose Ti.BID_dep_count has been reduced to Zero, is 
changed from “normal no data movement” state to “normal 
full access” state, Ti.partitionk.lastLoadBID in all partitions 
is reset to Zero and Ti.blockmapk[h].Refresh is reset to 
FALSE for all blocks. Subsequently, MQTj is reset (step 
916). In particular, resetting MQTj involves placing MQTj 
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in “normal full access” state and resetting the MQT_PDj 
?ag, the MQTj .force_full ?ag and the load ?ag to prepare for 
the next refresh. The refresh of MQTj is then complete and 
the program control may be returned to the materialiZed 
query table maintenance method of FIG. 1. 

[0112] FIG. 10 illustrates the use of MQT_PDj.Ti.parti 
tionk.startBID to obtain delta roWs for each partition of each 
MDC base table. Initially, an identi?er, c, of a block under 
consideration is set to the value of MQT_PDj.Ti.parti 
tionk.startBID (step 1002). It is then determined Whether c 
exceeds Ti.partitionk.lastLoadBID (step 1004). If c exceeds 
Ti.partitionk.lastLoadBID, program control is returned to 
the MQT refreshing method of FIG. 9. 

[0113] If c does not exceed Ti.partitionk.lastLoadBID, it is 
determined Whether Ti.blockmapk[c].Refresh has a value of 
TRUE (step 1006). If Ti.blockmapk[c].Refresh has a value 
of TRUE, the data block c may be identi?ed (step 1008) for 
use in the incremental refresh of MQTj in step 912 of FIG. 
9. For each block c With Ti.blockmapk[c].Refresh=TRUE, 
all roWs in the block Will be used for the incremental refresh 
of MQTj. The value of c is then incremented (step 1010). If 
Ti.blockmapk[c].Refresh has a value of FALSE, c is incre 
mented (step 1010), bypassing the identi?cation step (step 
1008). Subsequent to incrementing c, it is determined 
Whether c exceeds Ti.partitionk.lastLoadBID (step 1004). 

[0114] An example folloWs for Which the description of 
several initial conditions are required. For instance, it is 
assumed that an underlying MDC base table T has tWo 
dependent materialiZed query tables, MQT1 and MQT2. 
MDC base table T has tWo partitions and thus one blockmap 
for each partition. There are ?ve blocks in each blockmap. 
Ablockmap has the folloWing notation: 1[F]2[U]3[F]4[F]5 
[UCR], Where F=Free, U=Used, C=Constraints To Be 
Checked, R=To Be Used For Refresh Of Dependent MQTs. 
Each block can have a state of either F or U. A“U” folloWed 
by C and/or R means that the constraint and/or refresh ?ags 
are also set. The notation 1[F]2[U]3[F]4[F]5[UCR] indi 
cates that blocks 1, 3 and 4 are Free, block 2 is Used and 
block 5 is Used, has Constraints to be checked and is to be 
used for Refresh processing. 

[0115] Zero is used as the initial BID value (stored at Page 
0 of the underlying MDC base table or MQT_PD) to indicate 
that no block needs to be checked. 

Notation Meaning Possible Values 

T.state State of MDC base table T. Check Pending 
Read Access 
Check Pending No 
Access 
No Data Movement 
Full Access 
Full Access 
Check Pending 

MQT1-state State of MQTj. 

T.partitionk.startBID The StartBID stored in 
page 0 of partition k of 
MDC base table T 
The highest BID value 
used in previous load 
append operation for 
partition k of MDC base 
table T. 

T.partitionk. 
lastLoadBID 












